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Abstract. We discuss the colour, age and metallicity gradients in a wide sample of local 
I , SDSS early- and late-type galaxies. From the fitting of stellar population models we find 

that metallicity is the main driver of colour gradients and the age in the central regions is a 
dominant parameter which rules the scatter in both metallicity and age gradients. We find a 
C/3 , consistency with independent observations and a set of simulations. From the comparison 

with simulations and theoretical considerations we are able to depict a general picture of a 
formation scenario. 
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' 1. Introduction a tool to discriminate the two broad forma- 
tion scenarios (monolithic vs hierarchical), but 

Different physical processes might rule the more i m p 0rtan tly they provide a deeper insight 

galaxies properties at the global galaxy scale, Qn ^ different mechanisms mli the al 

O i ° r aCt at sub "g alactlc scales e -S- me nuclear evolution. As these mechanisms depend on the 

regions vs outskirts), such that they are ex- galaxy mass ^ ±e widest mass (and lumi . 

pected to introduce a gradient of the main stel- nQsi } observational baseline is needed to re _ 
lar properties with the radius that shall leave mark ±e relatiye effectiveness of the different 
^> . observational signatures in galaxy colours. In h ical ses (such as me m AGN, su- 
fact, color gradients (CGs) are efficient mark- vae> stellar fee dback, etc) and their corn- 
ers of the stellar properties variations within lation wkh ^ observed population gradie nts. 
galaxies, in particular as they mir ror the gradi- 
ents of star ages and metallicities dTortora et alj We will discuss the colour, age and metal- 
l2010aL T+10 hereafter). CGs are primarily licity gradients for a huge sample of local 

SDSS early- and late-ty pe galaxies (ETGs and 
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B+05 hereafter), and analyze the trends with 
mass. The observed trends are interpreted by 
means of quite different physical phenomena 
at the various mass scales. See T+10 for fur- 
ther detail^ 

We assume a set of "single burst" syn- 
thetic stellar models from iBruzual & Chariot I 
(120031) . with age and metallicity (Z) free to 
vary. From the fitting to the observed colours 
we estimate the galaxy age, Z, and the stellar 
masfl 

2. Colour gradients 

We start from showing in Fig.Q]the results for 
the g - i CGs as a function of stellar mass 
and velocity dispersion for the whole galaxy 
sample. The gradients as a function of ve- 
locity dispersion look negative almost every- 
where. Although our sample does not include 
very massive galaxies (M« >10 1L5 M ), our re- 
sults seem to show a stable trend at the large 
mass scales, pointing to even shallower gra- 
dients. We note here that the smaller range 
shown by V g _; as a function of o~o in the left 
panel of Fig. Q] is mainly due to the mix of the 
ETGs and LTGs. While, the correlation with 
stellar mass show that, starting from the mas- 
sive/bright end, the CGs become steeper, with 
the steepest negative gradients corresponding 
to Af» ~ 1O 1O3 M . From there, the gradients 
invert the trend with luminosity and mass, be- 
coming positive at M* ~ 10 8 ' 7 M . 

From Fig. [2] we see that LTGs show 
a monotonic decreasing trend, while a U- 
shaped function is found for ETGs with the 
gradients definitely decreasing with the mass 
for M„ < 1O 1O - 3 ~ 1O - 5 M , and a mildly increas- 
ing for larger mass values. This mass scale is 

1 We have used the structural parameters given by 
B+05 to derive the color profile (X - Y)(R) of each 
galaxy as the differences between the (logarithmic) 
surface brightness measurements in the two bands, 
X and Y. The CG is defined as the angular coefficient 
of the relation X - Y vs log R/R^g, where _R cff is the 
effective radius. 

2 We define the age and metallicity gradients as 
Vase = log[age2/age[] and Vz = log[Z2/Zi], where 
(age^Zj) with i = 1,2 are the estimated age and 
metallicity at 0.1/? c ff and R c g, respectively. 
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Fig. 1. V g _; as a function of central veloc- 
ity dispersion (left panel) and stellar mass 
(right panel) for the whole sample of galaxies. 
Medians and 25 -75th quantiles of the sample 
distribution in each mass bin are shown. 
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Fig. 2. V g _i as a function of central velocity 
dispersion (left panel) and stellar mass (right 
panel) for ETGs (red symbols) and LTGs (blue 
symbols). 

roughly compatible with the typical luminos- 
ity (and mass) scale for ETG dichotomy in the 
galax y structural properties dCapaccioli et al.l 
992) or for star-forming and passive systems 
( KauffmarmetaD l2003b . Nevertheless, for a 
fixed stellar mass we observe that ETGs gradi- 
ents are, on average, shallower than LTG ones. 
The same two - fold trend is shown for ETGs 
gradients as function of the velocity dispersion, 
while no trend is observed for LTGs gradients. 

3. Age and metallicity gradients 

As shown in Fig. [3] for LTGs the V age is about 
zero both with mass (and with <x , see T+10), 
strongly suggesting that CGs should not de- 
pend on age gradients of the galaxy stellar pop- 
ulation. Actually, Vz is instead strongly de- 
pendent on M», with the lowest metallicity 
gradients (~ -1) at the largest masses. ETG 
age gradients seem basically featureless when 
plotted against <x where we find V age > 
with typical median values of V age ~ 0.2. On 
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Fig. 3. Age (left) and metallicity (right) gradi- 
ents as a function of stellar mass. The symbols 
are as in Fig. [2] Solid and dashed lines are for 
galaxies with central stellar populations older 
and younger than 6 Gyr, respectively. 



the other hand, the metallicity gradients show 
some features with Vz decreasing for log <tq < 
2.2km/s, and increasing for larger velocity 
dispersion, reaching the shallowest values (~ 
-0.2) at logcro >2.4km/s and at the very low 
o"o (i.e. logcro < 1.8km/s) where Vz~ 0. This 
peculiar trend is mirrored by a similar depen- 
dence on the stellar mass. This two-fold be- 
haviour is also significant when we plot V age as 
a function of the stellar mass: V age decreases at 
logM* < 10.3 - 10.5, and increases in more 
massive systems. We have also found that V as , e 
and Vz strongly depend on galaxy age: in par- 
ticular, if we separate the sample in systems 
with older and younger than 6 Gyr central stars, 
we obtain different age and metallicity gradient 
trends as shown in Fig. [3] Older systems have 
gradients which are shallower than younger (in 
particular for ETGs) and bracket the average 
trend of the whole samples. 

In the left panel of Fig. [4] we proceed to a 
more detailed comparison of our findings with 
a set of literature works which make use of a 
more sophisticated analysis, altho ugh usually 
assoc i ated to smaller samp les (e.g. lRawle et al.1 
120091 ISpolaor et all 120091) . In particular, we 
concentrate on the ETG sample. When consid- 
ering objects with age\ > 6 Gyr, the agreement 
with the other studies (generally dealing with 
old systems) is remarkably good. 

4. Discussion and conclusions 

We have found some peculiar trends for CGs 
as a function of stellar mass, which are mainly 
driven by metallicity gradients, although age 



gradients have a not negligible role. ETGs, 
have gradients which are null at logM* ~ 9.5 
and become steeper at logM, ~ 10.5, where 
the trend get inverted and tend to be shallower 
at very large masses. LTGs have null colour 
and metallicity gradients at log M, ~ 8, which 
steepen with stellar mass and at fixed mass 
metallicity gradients are steeper than the ones 
in ETGs. The scatter in gradients is driven by 
the central galaxy age, since centrally older 
(younger) systems are found to have shallower 
(steeper) metallicity gradients. 

From the comparison with a set of simula- 
tions, which rely on different physical phenom- 
ena (e.g., see for ETGs right panel in Fig. @J, 
we are able to point out the main physical phe- 
nomena at different mass scales. Our results 
seem to support the idea that the metallicity 
trend versus the stellar mass for LTGs is mainly 
driven by the interplay of gas inflo w and winds 
from supernovae and evolved stars (Kobavashi 
2004). These processes tend to increase the 
central metallicity and prevent the enrichment 
of the outer regions. Therefore more massive 
systems have on average larger central metal- 
licities which correspond to steeper negative 
gradients. Low mass ETGs show the same cor- 
relation (see also the results from the simu- 
lation in Tortor a et al . 2010b), which suggest 
that these systems might experience similar 
phenomena as LTGs (see the comparison with 
the different supernovae feedback recipes in 
Fig. 0). Moreover, the absolute value of Vz 
of ETGs is lower than for the LTGs, proba- 
bly as a consequence of the dilution of the 
gradient due to the higher-density environment 
where ETGs generally are located. At very 
low masses (M* < 1O 9 5 M and log cr c < 
1.8km/s) the Vz turns to even positive val- 
ues, which are compatib le with the exp and- 
ing shell model from Mor i et al .] dl997l) . At 
larger masses, the shallow metallicity gradients 
of ETGs suggest that these have experienced 
merging (at a rate that could increase as a func- 
tion of the stellar mass) which have diluted the 
Vz- Such events might have taken place in ear- 
lier phases of the galaxy evolution, as indicated 
by the presence of null age gra dients in old sys- 
tems (not shown here, but see JBekki & Shiova 
ll999llKobavashll2004 iHonkins et al.T l2009a). 
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Fig. 4. Left. Metallicity gradients versus a set of observations (see T+10 for further de- 
tails). Right. Metallici t y grad ients versus simulations. The predictions from merging mod- 
els in iBekki & Shioval (1 1999) are shown as short dashed line, dissipative collapse models in 
Kawata & Gibson (2003) as long dashe d line, the remnants of major-mergings between gas-rich 
disk galaxies in iHopkins et al] ([2009a) as yellow shaded region, t he typical gradien t for major 
(continue gray line) and non-major (dashed gray line) mergings i n Kobavashi (2004). The violet 
thick line shows the predictions as in the simulation of Mor i et al] (119971) : blue and pink lines are 
the result from the chemo-dynamical model in lKawataT i 2001 ). respectively for strong and weak 
supernovae feedback models. Triangles with dashed bars and boxes with continue bars are for 
galaxies centrally older and younger than 6 Gyr; in the right panel the dashed line is the median 
trend for all the ETG sample. 



While, systems with younger cores are ex- 
pe cted to show positive gradients (as found 
in IHopkins etaLl d2009al) ). After the initial 
gas rich-merging events that might produce 
both a larger central metallici ty and a positive 
age gradient ( Kobavashi 2004), subsequent gas 
poor-merging may dilute the positive age gra- 
dient with time as well as make the metallicit y 
gradients to flatten out ( Hopk ins et al. 2009a). 
However, a further mechanism that may act to 
produce the shallower (or almost null) color 
and metallicity gradients in old massive ETGs, 
with M« >1O U M and log cr >2.4 (Fig.©, 
might be due to the strong quasar f eedback 
at high redshift (ITortora et al .1 120091) . while 
steeper metallicity gradients at lower masses 
could be linked to less efficient AGNs. 
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